APPARATUS FOR DELIVERING FUEL FROM A TANK TO AN 
INTERNAL COMBUSTION ENGINE 


[0001] BACKGROUND OF THE INVENTION 
[0002] Field of the Invention 

[0003] The Invention is directed to an improved apparatus for delivering fuel from a 
tank to an intemal combustion engine. 

[0004] Description of the Prior Art 

[0005] DE 42 19 516 A1 has already disclosed an apparatus for delivering fuel in 
which vertical suction jet pumps are connected to a common drive line. The 
common drive line is connected to and supplied by a retum line, which leads from 
the intemal combustion engine back to the tank and feeds excess fuel that is not 
needed for the combustion back into the tank. It is disadvantageous that the retum 
line is very long, takes up a lot of space in the apparatus, and is costly. 

[0006] OBJECT AND SUMMARY OF THE INVENTION 

[0007] The apparatus according to the invention has the advantage over the prior art 
in that it is simply improved by the drive line of the at least two suction jet pumps 
being connected to a pressure line downstream of the fuel supply pump and having 
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at least one check valve or siphon. Since the pressure line and the suction jet 
pumps are situated in close proximity to one another, the drive line leading from the 
pressure line to the suction jet pumps is very short, which permits a very compact 
design of the apparatus. 

[0008] It is particularly advantageous if a pressure-regulating valve is disposed 
upstream of the drive line and connects the drive line to the pressure line only after a 
predetermined pressure is reached in the pressure line. 

[0009] It is very advantageous if a first suction jet pump draws fuel from a pan 
region of the tank via a suction port. 

[0010] It is also advantageous if a second suction jet pump draws fuel from a saddle 
region by means of an intake line since this conveys fuel from the saddle region into 
the reservoir. The second suction jet pump eliminates the need for an additional fuel 
pump. 

[001 1] It is also advantageous if the intake line of the second suction jet pump has a 
check valve because this prevents a suction effect from causing fuel to flow from the 
pan region back into the saddle region. 

[001 2] It is also advantageous if the first suction jet pump and the second suction jet 
pump are disposed vertically since this prevents the reservoir from leaking. 
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[0013] It is also advantageous if the drive line and/or a nozzle and/or a suction 
chamber of the suction Jet pumps is/are provided in or on a bottom of the reservoir 
since this permits a very compact design of the apparatus to be achieved. 

[0014] BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The Invention will be better understood and further objects and advantages 
thereof will become more apparent from the ensuing detailed description of prefenred 
embodiments, taken in conjunction with the drawings, in which: 

[0016] Fig. 1 shows a simplified depiction, in section, of a first exemplary 
embodiment of the apparatus according to the invention, 

[0017] Fig. 2 shows a second exemplary embodiment, and 

[0018] Fig. 3 shows a third exemplary embodiment. 

[0019] DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0020] As shown in Fig. 1, apparatus according to the invention has a fuel delivery 
module 2 contained in a tank 1 . For example, the tank 1 is used to store a fuel 3. 

[0021] For example, the tank 1 is embodied in the fonn of a so-called saddle tank 
and has at least one saddle region 1.1 that is separated from a pan region 1.2 by a 
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saddle 6. The pan region 1 .2 is the region of the tanl^ 1 that contains the fuel 
delivery module 2. 

[0022] The fuel delivery module 2 is comprised of a reservoir 4, for example in the 
form of a pan, which contains a fuel supply pump 7 that draws the fuel from the 
reservoir 4, for example by means of a preliminary filter 8 and an intake line 9. and 
delivers it at an increased pressure to an internal combustion engine 1 1 via a 
pressure line 10. The reservoir 4 stores a sufficient amount of fuel to assure the fuel 
supply of the internal combustion engine 11 by the fuel supply pump 7, even when 
no fuel is being supplied into the reservoir 4, for example due to the sloshing 
movements of the fuel in the tank when negotiating a curve. For example, the 
reservoir 4 is disposed close to a tank bottom 5 of the tank 1 . 

[0023] For example, the fuel supply pump 7 is a flow pump that is electrically driven 
by an actuator, for example an amnature of an electric motor. 

[0024] The preliminary filter 8 protects the apparatus downstream of the preliminary 
filter 8 from course dirt particles contained in the fuel. 

[0025] For example, the pressure line 10 contains a first check valve 14 and, 
downstream of the first check valve 14, a main filter 1 5 that filters out fine dirt 
particles contained in the fuel. When the fuel supply pump 7 Is switched off. the first 
check valve 14 prevents fuel from the pressure line 10 downstream of the first check 
valve 14 from flowing back into the reservoir 4 via the pressure line upstream of the 
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first check valve 14, the fuel supply pump 7. the intake line 9. and the preliminary 
filter 8. As a result of this, the pressure in the pressure line 10 generated by the fuel 
supply pump 7 is maintained for certain amount of time even when the fuel supply 
pump 7 is switched off. 

[0026] Downstream of the main filter 15, the pressure line 10 is provided with a first 
branch line 16 that feeds into the reservoir 4. The first branch line 16 has a 
pressure-regulating valve 17. When the pressure in the pressure line 10 and 
therefore in the first branch line 16 exceeds a predetemnined pressure, the pressure- 
regulating valve 1 7 opens and allows fuel to flow from the pressure line 10, through 
the first branch line 16, and into the reservoir 4. As a result, the pressure in the 
pressure line 1 0 falls back below the predetermined pressure so that the pressure- 
regulating valve 17 closes and does not allow any more fuel to flow Into the reservoir 
4 via the first branch line 16. The pressure-regulating valve 1 7 regulates the 
pressure in the pressure line 10 downstream of the first check valve 14 to a constant 
value. 

[0027] The reservoir 4 has a first filling valve 20 that is situated, for example, in a 
bottom 21 of the pan-shaped reservoir 4. The first filling valve 20 opens when the 
level in the reservoir 4 is lower than in the tank 1 and allows fuel to flow from the tank 
1 into the reservoir 4. The first filling valve 20 is embodied, for example, as an 
umbrella-shaped check valve that closes upon occun'ence of a flow in the direction 
of the tank 1 . 
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[0028] In order to prevent the fuel supply pump 7 from emptying the reservoir 4, 
there must be a continuous replenishing flow from the tanic 1 into the reservoir 4. To 
that end. at least two suction jet pumps, for example a first suction jet pump 22.1 and 
a second suction jet pump 22.2, are provided in the reservoir 4 and feed fuel from 
the tank 1 into the reservoir 4. 

[0029] A suction jet pump is known, for example, from DE 198 56 298 CI , the 
content of which is expressly intended to constitute part of the disclosure of this 
application. 

[0030] In a known fashion, the first suction jet pump 22.1 has a first nozzle 24.1 
disposed in a first suction chamber 23.1 and. downstream of the first nozzle 24.1 , a 
first mixing tube 27.1 . The first mixing tube 27.1 is embodied, for example, as a 
diffuser, i.e. it widens out in the flow direction and extends vertically, for example, 
toward a tank cover 28 of the tank 1 disposed opposite from the tank bottom 5. The 
first mixing tube 27.1 extends from the first suction chamber 23.1 up into the vicinity 
of an upper rim 30 of the reservoir 4 and, after a predetermined length of the mixing 
tube 27.1 , finally feeds into the reservoir 4. A first deflecting element 33.1 , for 
example, is provided at an end of the first mixing tube 27.1 oriented away from the 
first suction chamber 23.1 and deflects the fuel, which is emerging from the mixing 
tube 27.1 into the reservoir 4, toward the bottom 21 of the reservoir 4. For example, 
the first deflecting element 33.1 is attached to the first mixing tube 27.1 , e.g. is 
clipped to it, molded onto it, or glued to it. 
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[0031] The second suction jet pump 22.2 has the same design as the first suction jet 
pump 22.1, with a second suction chamber 23.2, a second nozzle 24.2, a second 
mixing tube 27.2, and a second deflecting element 33.2. 

[0032] The first suction jet pump 22.1 draws fuel from the pan region 1 .2, for 
example, and the second suction jet pump 22.2 draws fuel from the saddle region 
1.1 , for example. To that end, the first suction chamber 23.1 of the first suction jet 
pump 22.1 is connected to the pan region 1.2 of the tank 1 directly via a suction port 
32 and the second suction chamber 23.2 of the second suction jet pump 22.2 is 
connected to the saddle region 1 .1 of the tank 1 via an intake line 34. At the end of 
the intake line 34 oriented toward the saddle region 1 .1 , an intake element 38, for 
example in the form of a pan, is provided, which is disposed on the tank bottom 5 of 
the saddle region 1.1 and filters the fuel drawn by the second suction jet pump 22.2. 

[0033] According to the invention, the region of the pressure line 10 downstream of 
the fuel-delivery pump 7 and upstream of the first check valve 14 has a drive line 
segment 29.0 of a drive line 29 leading from it, which is connected via a first drive 
line segment 29.1 to the first nozzle 24.1 of the first suction jet pump 22.1 and is 
connected via a second drive line segment 29.2 to the second nozzle 24.2 of the 
second suction jet pump 22.2. 

[0034] The drive line segment 29.0 contains a throttle 40, for example, which limits 
the volumetric flow passing through the drive line 29. The throttle 40 connected 
upstream of the first nozzle 24.1 and second nozzle 24.2 achieves a multi-stage 
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pressure decrease so that the narrowest flow cross-section of the throttle 40. the first 
nozzle 24.1, and the second nozzle 24.2 can be selected to be larger than when 
there is a single-stage pressure decrease without a throttle 40. This allows the first 
nozzle 24.1 and second nozzle 24.2 to be produced at a lower cost through the use 
of injection molding and reduces the amount of generated flow noise. 

[0035] According to the invention, at least one additional check valve 41 that closes 
in the direction of the fuel supply pump 7 is provided in the drive line 29; for example, 
one additional check valve 41 Is provided in the first drive line segment 29.1 and one 
additional check valve 41 is provided in the second drive line segment 29.2. When 
the fuel supply pump 7 Is switched off. these check valves prevent a leakage of fuel 
from the reservoir 4 into the pan region 1 .2 of the tank 1 via the preliminary filter 8. 
the intake line 9, the fuel supply pump 7, the pressure line 10, the drive line segment 

29.0. the first drive line segment 29.1 , the first nozzle 24.1 , the first suction chamber 

23.1 . and the suction port 32 or a leakage into the saddle region 1 .1 of the tank 1 via 
the preliminary filter 8. the Intake line 9, the fuel supply pump 7, the pressure line 10, 
the drive line segment 29.0. the second drive line segment 29.2, the second nozzle 

24.2. the second suction chamber 23.2, and the Intake line 34, Without the 
additional check valves 41 disposed in the drive line 29. the above-described 
undesirable leakage could occur If the level in the reservoir 4 were higher than the 
level in the saddle region 1 .1 or the pan region 1 .2 of the tank 1 . The additional 
check valves 41 have a predetermined opening pressure that Is not exceeded in the 
pressure line 10 upstream of the first check valve 14 when the fuel supply pump 7 is 
switched off. thus preventing leakage from the pressure line 10 via the drive line 29 
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in the direction of the first nozzle 24.1 and the second nozzle 24.2 when the fuel 
supply pump 7 Is switched off. 

[0036] The additional check valve 41 in the first drive line segment 29.1 and the 
second drive line segment 29.2 can also be replaced by a loop-shaped siphon 
respectively disposed in the first drive line segment 29.1 and the second drive line 
segment 29.2. One leg of the loop-shaped siphon extends vertically toward the tank 
cover 28 and the other leg extends back toward the bottom 21 . A ventilation opening 
is provided, for example, at the highest point of the loop-shaped siphon. 

[0037] Because the first mixing tube 27.1 and the second mixing tube 27.2 are 
disposed vertically, the first suction jet pump 22.1 and the second suction jet pump 
22.2 are called vertical suction jet pumps. A horizontally disposed suction jet pump 
is called a horizontal suction jet pump. 

[0038] The first suction jet pump 22.1 and the second suction jet pump 22.2 can 
also be embodied in a horizontal design if a check valve that closes in the direction 
of the tank 1 is respectively provided at the suction port 32 and in the intake line 34. 

[0039] The first nozzle 24.1 , the first suction chamber 23.1 , the second nozzle 24.2, 
the second suction chamber 23.2, and the drive line 29, for example comprised of 
the drive line segment 29.0, the first drive line segment 29.1, and the second drive 
line segment 29.2, are provided, for example, in or on the bottom 21 of the reservoir 
4. 
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[0040] During operation of the fuel supply pump 7, fuel travels via the pressure line 
10 and the drive line segment 29.0 as well as via both the first drive line segment 
29.1 and the second drive line segment 29.2 and is sprayed as a drive jet into the 
first mixing tube 27.1 and into the second mixing tube 27.2. In a known manner, as it 
enters the respective mixing tubes 27.1 , 27.2, the drive jet entrains fuel in the flow 
direction so that a vacuum Is generated In the respective suction chambers 23.1, 
23.2, which in the first suction jet pump 22.1 , draws fuel from the pan region 1 .2 via 
the suction port 32 and in the second suction jet pump 22.2, draws fuel from the 
saddle region 1 .1 via the intake line 34. The fuel drawn from the pan region 1 .2 or 
from the saddle region 1.1 circulates around the respective nozzle 24.1, 24.2 in the 
respective suction chamber 23.1, 23.2 and, downstream of the respective nozzle 

24.1 , 24.2, is entrained by the drive jet emerging from the respective nozzle 24.1 , 
24.2. 

[0041] The first suction jet pump 22.1 and the second suction jet pump 22.2 convey 
the fuel of the drive jet and the fuel drawn from the pan region 1 .2 and saddle region 
1 .1 of the fuel tank 1 counter to the force of the gravity, through the respective mixing 
tubes 27.1 , 27.2 toward the tank cover 28. At the end of the mixing tubes 27.1 , 27.2 
oriented toward the tank cover 28, the fuel flows over the mixing tube rims 42.1 , 

42.2, is deflected by the deflecting elements 33.1 , 33.2, and travels into the reservoir 
4. If there is fuel in the reservoir 4 above the mixing tube rim 42.1 , 42.2, then when 
the suction jet pumps 22.1 , 22.2 are not operating, this fuel can flow back into the 
tank 1 via the mixing tubes 27.1, 27.2 and the suction chambers 23.1 , 23.2. The fuel 
in the reservoir 4 below the mixing tube rim 42 is stored in the reservoir 4 and is 
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reliably prevented from escaping. The vertically extending mixing tube 27.1 , 27.2 
therefore has a sealing or shutoff safety function. 

[0042] In the embodiment of the apparatus according to Fig. 2, parts that are the 
same or function in the same manner as those in the apparatus according to Fig. 1 
are provided with the same reference numerals. 

[0043] The apparatus according to Fig. 2 differs from the apparatus according to 
Fig. 1 in that the additional check valve 41 Is disposed in the drive line segment 29.0; 
i.e. no check valve is provided in the drive line segments 29.1 and 29.2. 

[0044] In order to prevent a so-called short circuit between the first suction jet pump 
22.1 and the second suction jet pump 22.2. in this exemplary embodiment, it is 
necessary to provide the Intake line 34 with a suction check valve 43 that closes in 
the direction of the saddle region 1.1. Without the suction check valve 43 in the 
Intake line 34, if the suction jet pumps 22.1 and 22.2 were not operating, a suction 
effect could cause fuel to flow from the pan region 1 .2 of the tank 1 back into the 
saddle region 1 .1 in an undesirable fashion via the suction port 32, the first suction 
chamber 23.1 , the first nozzle 24.1 , the first drive line segment 29.1 , the second 
drive line segment 29.2, the second nozzle 24.2, the second suction chamber 23.2, 
and the intake line 34. 
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[0045] Fig. 3 shows a third exemplary embodiment in which parts that are the same 
or function in the same manner as those in the apparatuses according to Fig. 1 and 
Fig. 2 are provided with the same reference numerals. 

[0046] The apparatus according to Fig. 3 differs from the apparatus according to 
Fig. 1 in that the first branch line 16 does not feed into the reservoir 4, but Is 
connected to the drive line segment 29.0 of the drive line 29 at the outlet of the 
pressure-regulating valve 1 7. 

[0047] In this exemplary embodiment, the suction jet pumps 22.1 , 22.2 are driven 
with fuel that travels from the pressure line 10 into the drive line 29 via the first 
branch line 16 when the pressure-regulating valve 17 is open. 

[0048] The drive line segment 29.0 has, for example, a branch conduit 45 that is 
provided with an additional pressure-regulating valve 46. This additional pressure- 
regulating valve 46 opens when the pressure In the drive line segment 29.0 and 
therefore in the branch line 45 exceeds a predetermined value and permits fuel to 
flow out of the drive line segment 29.0 Into the reservoir 4 via the branch conduit 45. 
This regulates the pressure in the drive line 29 to a constant value. 

[0049] In order to prevent a so-called short circuit between the first suction jet pump 
22.1 and the second suction jet pump 22.2, In this exemplary embodiment, the first 
drive line segment 29.1 is provided with an additional check valve 41 that opens in 
the direction of the first suction jet pump 22.1 . Without the additional check valve 41 


12 


in the first drive line segment 29.1 , if the suction jet pumps 22.1 , 22.2 were not 
operating, a suction effect could cause fuel to flow from the pan region 1 .2 of the 
tank 1 back into the saddle region 1.1 in an undesirable fashion via the suction port 
32, the first suction chamber 23.1 , the first nozzle 24.1 , the first drive line segment 
29.1 , the second drive line segment 29.2, the second nozzle 24.2. the suction 
chamber 23.2, and the intake line 34. 

[0050] The foregoing relates to preferred exemplary embodiments of the invention. It 
being understood that other variants and embodiments thereof are possible within 
the spirit and scope of the invention, the latter being defined by the appended claims. 
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